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HOWARD L. WEINER et a/. 
Serial No.: 08/469,492 Art Unit: 1645 

Filed: June 6, 1995 Examiner: P.Duffy 

For: BYSTANDER SUPPRESSION OF AUTOIMMUNE DISEASES 



DECLARATION OF MATTHIAS G. VON HERRATH 

Hon. Commissioner of 

Patents and Trademarks 
Washington, DC 20231 

Sir: 

Matthias G. Von Herrath declares and states as follows: 
BACKGROUND INFORMATION 

1 . I hold both a Medical Doctor and a Doctor of Philosophy degree, conferred by 
Freiburg Medical School in 1988. Currently, I am employed as Associate Professor 
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by The Scripps Research Institute and I have held this position since 1999. 
Previously, I was Assistant Professor at the same institution from 1996 to 1999. 
For the past ten years, I have conducted extensive research in the immunology and 
immunomodulation of autoimmune diseases and particularly insulin dependent 
diabetes mellitus (IDDM). 

2. I am an author of over 30 publications on the immunology of autoimmune 
diseases including several articles on bystander suppression. Further details of my 
qualifications are provided in the attached copy of my curriculum vitae (Attachment 
1). 

3. I submit this declaration in support of the patentability of the application 
identified above. I am not a co-inventor of this application and I hold no financial 
interest in either the Brigham & Women's Hospital or Autoimmune, Inc. which I 
understand have certain rights in the invention. 

4. I am familiar with this application, including its specification, currently 
pending claims (Attachment 2), Office Action of March 29, 2000 and references 
cited therein, namely Tobin US patent 5,475,086; Herbert et al The Dictionary of 
Immunology, Fourth Edition, Academic Press 1995, pp17 and 88; Mueller, D.L. 
The Journal of NIH Research, 6:47-51, 1994; Hafler et al J. Immunol. 139:68, 
1988; Cohen, I. et al Autoimmune Disease Models, p. 2; and Paul et al Eds 
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"Fundamental Immunology" p. 548. 

5. Briefly, the claimed invention involves administration of a bystander antigen 
to suppress an autoimmune response associated with the autoimmune disease, i.e., 
to induce tolerance. The claims further specify that the bystander antigen is an 
antigen to which T-cells that modulate an abnormal autoimmune response are NOT 
sensitized, and that the mode of its administration is by mouth or nasal route. 

QUESTIONS CONSIDERED 

6. I understand that the United States Patent & Trademark Office has rejected 
the claims as non compliant with certain statutory requirements. Specifically, I 
understand that the Examiner is of the opinion that the patent application does not 
describe the invention as claimed in sufficient detail to enable a person of ordinary 
skill in the field of the invention to use it for all autoimmune diseases and bystander 
antigens encompassed by the claims. 

7. I have been retained by patent counsel to consider the following questions 
objectively from the point of view of a person of ordinary skill in the field at the 
time this application was first filed, which I am told was February 28, 1992. These 
questions are: 
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QUESTION I: Does the specification provide sufficient support for the claims 
by circumscribing the area of application of the claimed 
invention and providing a representative number of working 
embodiments? Or does the fact that many of the antigens 
disclosed in the specification (and employed in experiments 
described therein) can be autoantigens detract from the 
generality of the statements in the specification such that a 
person of ordinary skill in the field would consider the invention 
to have been demonstrated only for glucagon and insulitis and 
for no other pure bystander antigen or autoimmune disease? 



QUESTION II: On February 28, 1992, would a person of ordinary skill in the 
field reasonably expect the claimed invention to be operative in 
humans afflicted with various autoimmune diseases based on 
the animal model data presented in the specification? Based on 
the teachings of the specification and the general knowledge in 
the field at the time (2/28/92), would such a person know 
which bystander antigen to administer, when to begin, how 
much to administer, how often and for how long, or would such 
a person have to conduct an inordinate amount of 
experimentation-beyond what is considered routine 
experimentation in this field—in order to obtain this information? 



QUESTION III: Are the admonitions in Mueller et al, supra, at p. 49-50 regarding 
anergy induction applicable to the method of the present claims, 
i.e., bystander suppression? 

Question I 

8. I disagree with the Examiner on this question. The specification, through 
the experiments it describes, makes clear to a person of ordinary skill in the field 
that bystander suppression does not require administration of an antigen to which 
activated T-cells of the host are sensitized, but results in suppression of the 
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autoimmune (or autoimmune-like) response even when the administered antigen is 
a "pure bystander." A "pure bystander" is an antigen that is expressed in an organ 
or tissue that is the target of an abnormal autoimmune (or autoimmune-like) 
response but is not itself a target of the abnormal autoimmune response. The 
specification provides data with the following "pure bystander" antigens: 

• glucagon orally administered to NOD mice (p48, lines 10-27 and 
p. 49, Table 5) 

• MBP orally administered to mice immunized with PLP (Example 
6, p. 49 lines 22-34, p. 50, lines 1-13) 1 



• Ovalbumin orally administered to mice immunized with MBP 

(Example 2, pp36-45, especially p. 42, line 6 through p. 44 line 
35) 2 



1 Even though MBP can induce EAE, in this experiment, PLP only was used 
for EAE induction. Moreover, the mice used for the experiment had to be healthy 
and would not have activated T-cells that would recognize MBP. Hence, MBP in 
this experiment fits the definition of bystander antigen that appears in claim 37. 

2 0valbumin ("OVA")cannot induce EAE. It is thus clearly a bystander antigen 
within the definition of claim 37. Moreover, ovalbumin is not expressed in the organ 
or tissue afflicted in EAE (which is the central nervous system) and is thus totally 
removed from the locus of autoimmune response. It follows that if OVA can 
induce bystander suppression, such suppression is a general immune phenomenon 
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• Noninducing fragments of MBP orally administered to mice 
challenged with MBP (Example 3, pp 45-46 and p. 29, lines 5- 
10). 

• Peptides derived from insulin which are not recognized by T- 
cells of NOD mice (p. 48, lines 24-26 and p. 49, Table 5). 

9. The specification thus details experiments with at least five different "pure 
bystander" antigens (i.e. antigens not targeted by the immune response to be 
suppressed) administered in two different disease models. In particular, the use of 
OVA to suppress MBP-induced EAE is an important indication of the general 
applicability of the concept of bystander suppression because under normal 
circumstances (and unlike MBP and PLP) OVA is neither specific to the organ 
targeted by the aggressive autoimmune response, nor itself the target of an 
autoimmune or autoimmune-like response. In the OVA experiment detailed in the 
specification, Weiner et al engineered the OVA to be concentrated at the locus of 
the induced autoimmune-like response by injecting OVA into the mice at the site of 
their immunization with MBP, and thus created an artificial antigen "expressed" in 

independent of the context of a particular autoimmune response or autoimmune 
disease or animal model of such disease, as I discuss below. 
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the "target organ" where the abnormal immune response occurred. The inventors 
did this to show that regulatory T cells (which were elicited in the mice by feeding 
them OVA) "home-in" to the site of inflammatory immune response (where the 
OVA, which the regulatory cells recognize was artificially introduced) and reduce 
this response. Unlike MBP or PLP, OVA is not associated with any autoimmune 
disease since immunization with OVA does not cause disease; unlike glucagon, 
OVA is not even specific to an organ targeted by an abnormal autoimmune 
response. Thus, even though Weiner et al did not test their method on every 
autoimmune disease, in my opinion, a person of ordinary skill in the field would 
consider applicability of their method in any autoimmune disease to be likely in 
view of the experiments they did conduct and especially the OVA experiment: if 
immune regulation results by feeding an animal an antigen unrelated to any 
abnormal autoimmunity, and by mimicking a tissue-specific antigen through 
injection of this antigen to a site where autoimmune (or autoimmune-like) response 
is taking place, it follows that the immunoregulatory phenomenon observed by 
Weiner et al using bystander antigens is very likely a general one. 
10. Even without taking into account these implications of the OVA experiment, 
the inventors have shown bystander suppression for four different antigens in two 
different autoimmune disease models (EAE and NOD diabetes), which in my view 
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supports the proposition that bystander suppression would abate autoimmunity in 
autoimmune diseases in general. Most important, the inventors have shown the 
regulatory immune response following ingestion of the bystander antigen to be 
associated with expression by regulatory T cells of nonspecific immunoregulatory 
factors, such as TGF-(3. These factors are associated with the regulatory nature of 
the response and not with the nature of the antigen which the regulatory T cells 
recognize. This finding lends additional support to the generality of bystander 
suppression as elucidated by Weiner et al. 

1 1 . Thus, as a result of the experimental evidence contained in the specification, 
in February 1992, a person of ordinary skill in the field would have expected "pure" 
bystander suppression by oral or nasal route to be an effective means of 
suppressing autoimmune response regardless of the identity of the bystander 
antigen and regardless of the particular experimental system used. The 
experiments in the specification indicated that bystander suppression is a general 
immune phenomenon, even apart from the context of autoimmunity (see for 
example the experiment with OVA). When these experiments were presented to the 
scientific community, they were at first surprising but they were quickly recognized 
and have since become generally accepted as having elucidated an important and 
general immunoregulatory mechanism. 

Docket No. 1 01 0/1 6959-US4 
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1 2. The experiments in the specification would have indicated to a person of 
ordinary skill in the field that bystander suppression using a "pure" bystander 
antigen is T-cell mediated suppression and, more likely than not, is effected in a 
manner similar to oral (and more generally mucosal) tolerance using autoantigens. 
In both forms of tolerance induction, ingestion of the antigen is accompanied by a 
regulatory rather than an aggressive immune response following antigenic 
stimulation. Hence, the person of ordinary skill would have expected bystander 
suppression to be effective when the bystander antigen is administered through the 
nasal mucosa, as the specification indicates at p. 24, lines 25-29, similar to when 
an autoantigen is fed or nasally administered. 

13. Thus, in my opinion, in 1992, the person of ordinary skill would have 
believed the statements in the specification and claims that "pure" bystander 
antigens by oral or nasal route would be effective to suppress an autoimmune 
response in humans. 

Question II 

14. Given the data in the specification, it is my opinion that a person of ordinary 
skill would clearly expect that oral or nasal administration of a "pure" bystander 
antigen (i.e., an antigen not recognized by activated auto-aggressive T cells of the 
patient) would suppress an abnormal autoimmune response in humans^ The skilled 

Docket No. 1 01 0/1 6959-US4 

-9- 



MATTHIAS VON HERRATH 

person would know from the specification that such bystander antigens can be 



selected from among peptide fragments of autoantigens which are not recognized 
by activated human T-cell clones. In my opinion, the assay for this purpose was 
feasible in 1 992. (See, for example Hafler et al, J. Immunol. 1 39:68-72, 1 987.) J 
The amount of experimentation required would not be considered excessive 
because, in immunology, this type of experimentation was and is routine. 
15. The specification provides ample guidance as to how much bystander antigen 
to use as a starting point. For example, at p. 25, lines 3-6, the specification 
provides a general range of 0.1 mg-1 5mg/kg daily for nasal administration; at pp. 26- 
27, the specification allows for developmental work which in 1992 could have 
been used to refine the dosages to be given to humans. The specification also 
provides detailed guidance in the form of dosages for PLP-induced disease at p. 17, 
and even allows for differences between species of hosts. The fact that the 
various antigens may be autoantigens in certain individuals or experimental contexts 
would not alter the value of this disclosure. In other words, the effective dosage 
range of a bystander antigen which can also be an autoantigen can be used as 
guidance for the effective dosage range of a "pure" bystander. The principle behind 
use of each is the same: an antigen is administered mucosally in order to regulate 
immune response. The immunoregulatory effect in both instances is due to 
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elicitation of regulatory cells, and expression of regulatory factors, such as TGF-(3, 
All of this was known with respect to autoantigens administered orally or nasally to 
achieve tolerance, as evidenced for example from the attached references: Zhang, 
Z. J., et al, ("Suppression of diabetes in Nonobese Diabetic Mice by Oral 
Administration of Porcine Insulin," P.N.A.S. (USA), 88'A 0252-1 0256, November 
1991 at p. 10255); Miller, A. et al ("Tolerance and Suppressor Mechanisms in 
Experimental Autoimmune Encephalomyelitis: Implications for Immunotherapy of 
Human Autoimmune Diseases," FASEB, 5:2560-2566, Aug. 1991, at p. 2562, right 
coL); and Miller A., et al, "Suppressor T Cells generated by Oral Tolerization to 
Myelin Basic protein Suppress both In Vitro and In Vivo Immune Responses by the 
Release of Transforming Growth Factor p after Antigen-Specific Triggering/' 
P.N.A.S, (USA), 55:421-425, January 1992, at pp. 424-425). 3 In light of the 
experiments described in the Weiner et al specification, it became likely that these 
conclusions could be extended to bystander antigens. Copies of the references 
cited in this Paragraph 15 are attached as Attachment 3. 

QUESTION III 

3 lt was also known in 1992 that an antigen could be administered orally or 
nasally indefinitely as long as benefits persisted, it being well-tolerated by treated 
subjects. 
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16. I find the disclosure and admonitions of Mueller inapplicable to the claimed 
invention. Mueller is concerned exclusively with the concept of anergy, which is a 
totally different immunological concept from bystander suppression. Anergy can 
only be induced when an activated T-cell encounters (under certain circumstances, 
namely in the absence of co-stimulatory factors) the very antigen against which it is 
directed. I am not aware of any other antigen that can induce anergy for such a T- 
cell. Accordingly, if it is desired to suppress an immune response by anergizing the 
T-cells that mediate it, each such T-cell must be exposed to the very antigen that it 
recognizes. It is therefore necessary to know the specificity of each T-cell in order 
to administer the proper antigen. It is also necessary to ensure the absence of co- 
stimulation. If co-stimulation is present, an aggressive immune response can ensue 
instead of immune regulation; hence the extreme caution permeating the 
statements in Mueller. 

17. Anergy is thus totally different from bystander suppression which can 
proceed by administration of an antigen that does not constitute a T-cell target of 
the aggressive response to be suppressed, and without fear of co-stimulation. 
Moreover, bystander suppression takes place because the elicited regulatory T-cells 
which recognize the administered antigen secrete nonspecific immunosuppressive 
factors, such as TGF-p , which suppress immune responses at the locus of their 
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secretion without regard to the specificity of the activated T-cells that may be 
found in such locus. For these reasons, the statements in Mueller, while applicable 
to anergy, are inapplicable to bystander suppression. 

18. I further declare that all statements made herein of my own knowledge are 
true and that all statements made on information and belief are believed to be true; 
and further that these statements were made with the knowledge that willful false 
statements and the like so made are punishable by fine or imprisonment, or both, 
under Section 1001 of Title 18 of the United States Code, and that such willful 
false statements may jeopardize the validity of the application or any patent issuing 
thereon. 



Respectfully submitted, 





Matthias G. Von Herrath 
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NOVoT®tegtnce and suppressor mechanisms in experimental 
itoimmune encephalomyelitis: implications for 
immunotherapy of human autoimmune diseases 



ARIEL MILLER, DAVID A. HAFLER, AND HOWARD L. WEINER 

Center for Neurologic Diseases, Division of Neurology, Department of Medicine, Brigham and Women's Hospital and 
Harvard Medical School, Boston, Massachusetts 02115, USA 



ABSTRACT Recent advances in understanding antigen 
recognition at the level of the trimolecular complex have 
provided new approaches for selective immunotherapy. 
Many of these approaches have been applied successfully 
to the animal model experimental autoimmune encephalo- 
myelitis, and some are being tested in the human disease 
multiple sclerosis. In addition, new approaches utilizing 
nonspecific modulation of immune function are being ex- 
plored in animals and humans. Immunospecific therapy 
in autoimmune diseases will ultimately be based on un- 
derstanding how the normal immune system maintains 
unresponsiveness to self and how this state of self- tolerance 
is broken. Strategies for specific immune intervention in 
human diseases based on components of the trimolecular 
complex will have to take into account the polymorphism 
of the major histocompatibility complex in humans and 
the degree of heterogeneity among autoimmune T cells 

that react with an autoantigen. Miller, A.; Hafler, 

D. A.; Weiner, H. L. Tolerance and suppressor mecha- 
nisms in experimental autoimmune encephalomyelitis: 
implications for immunotherapy of human autoimmune 
diseases. FASEB J. 5: 2560-2566; 1991. 

Key Words: autoimmunity * immunotherapy • experimental auto- 
immune encephalomyelitis • tolerance 



The immune system is confronted by a variety of molecules, 
among which it must discriminate between self and non-self. 
Immunological tolerance is the acquisition of unresponsive- 
ness to self-antigens, and as such is essential for preservation 
of the integrity of the host. Understanding the mechanisms 
of tolerance has become a central issue in immunology, espe- 
cially in relation to ways in which breakdown of self- 
tolerance that results in autoimmune diseases can be pre- 
vented or reversed. 

Self- tolerance is not preprogrammed in the germline but 
is acquired somatically by mechanisms that delete or inacti- 
vate autoreactive clones. Mechanisms of self- tolerance to 
T cells include clonal deletion, clonal anergy, and active sup- 
pression (Table 1). Since the first description of acquired im- 
munological tolerance (1), a variety of experimental systems 
have been used to define the extent to which each of these 
mechanisms contributes to developing and maintaining self- 
tolerance. There is direct evidence that clonal deletion of 
autoreactive T cells within the thymus is one of the primary 
mechanisms responsible for maintaining immunological self- 
tolerance (2, 3). Clonal deletion occurs at the CD4 + CD8 + 
double-positive or single-positive stage of T cell development 
in the thymus, and involves participation of the CD8 or CD4 
molecules in recognition of major histocompatibility com- 



plex (MHG) 1 class I or class II molecules. Nonetheless, 
clonal deletion does not remove all autoreactive T cells, espe- 
cially for tissue-specific antigens (e.g., components of the eye, 
brain, or testes), which are not expressed in the thymus. Im- 
munological unresponsiveness to sequestered tissue antigens 
such as brain antigens may be attributed partially to the 
location of these self-antigens behind natural anatomical 
barriers or to the lack of expression of class I or class II 
MHC molecules in the target organ. Furthermore, autoreac- 
tive T cells may be down-regulated or suppressed either in 
the periphery or in the thymus by encountering antigen in 
the absence of MHC or another costimulatory signal (or sig- 
nals) from antigen-presenting cells (APCs) leading to func- 
tional inactivation but not deletion of autoreactive T cells 
(clonal anergy) (4-6). Finally, autoreactive cells may be ac- 
tively suppressed by regulatory or suppressor T cells that in* 
activate or lyse autoreactive cells in a manner that is not yet 
precisely defined (7-11). 



EAE AS A MODEL FOR ORGAN-SPECIFIC 
AUTOIMMUNE DISEASE 

Elucidation of mechanisms underlying human diseases and 
design of immunotherapy is often facilitated through the 
study of animal models. Because of similarities in both clini- 
cal expression and pathology, experimental autoimmune en- 
cephalomyelitis (EAE) has been used as the primary model 
for multiple sclerosis (MS), a human demyelinating disease 
of the central nervous system (CNS) of presumed autoim- 
mune etiology (12). Experimental autoimmune encephalo- 
myelitis is an inflammatory disease of the CNS manifest in 
rodents either as an acute or chronic relapsing process. Im- 
munization of animals with myelin basic protein (MBP) plus 
complete Freund's adjuvant stimulates a population of auto- 
reactive CD4* T cells that migrate to the CNS and cause dis- 
ease. Myelin-specific CD4 + T cell lines and clones can be 
generated, and upon adoptive transfer will cause disease in 
naive recipients (13). Myelin basic protein has been the CNS 
encephalitogen most extensively studied, although more re- 
cently it has become clear that proteolipid protein (PLP) is 
also a major CNS encephalitogen (14). The encephalitogenic 
epitopes of MBP differ among animal strains and are re- 



1 Abbreviations: MHC, major histocompatibility complex; APCs, 
antigen-presenting cells; EAE, experimental autoimmune enceph- 
alomyelitis; MS, multiple sclerosis; CNS, central nervous system; 
MBP, myelin basic protein; PLP, proteolipid protein; MSCH, 
mouse spinal cord homogenate; TCR, T cell antigen receptor; 
CFA, complete Freund's adjuvant. 
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, * TAB-^E 1. Mechanisms of immunologic tolerance 



References 



Clonal deletion 

Negative selection by MHC molecules during 

thymic development 2, 3 

Clonal anergy or functional inactivation 

Lack of costimulatory signal by cell which presents 
antigen resulting in an inability to make IL 2 4-6 

Active suppression 

Regulatory T cells with cytotoxic activity or that 

suppress via soluble factors or noncytolytic cell 

contact 7-11 



stricted by MHC class II molecules, predominantly I-A, and 
in a few instances I-E (15, 16). 



of such signals (4-6). It is possible that antigen-presenting 
cells in the CNS constitutively anergize autoreactive T cells 
that migrate to the CNS by not being able to provide the 
necessary costimulatory signals. 

EAE is induced by injection of MBP in adjuvant. The in- 
ducing events in a spontaneously occurring autoimmune dis- 
ease such as multiple sclerosis are unknown. Presumably, the 
immune system is triggered by environmental factors such as 
viruses and bacteria. Possible mechanisms include infection 
of CNS tissue by a virus with release of autoantigen (26), 
molecular mimicry in which portions of a virus are homolo- 
gous to CNS proteins (27, 28), or general activation of the 
immune system through cytokines such as 7-interferon, 
which are released in association with viral infection (26) 
(Table 2). Multiple sclerosis patients with an increased num- 
ber of clinically evident viral infections have more attacks 
(29), and treatment of MS with 7-interferon made the dis- 
ease worse (30). 



FACTORS ASSOCIATED WITH AUTOIMMUNITY 
AND SUSCEPTIBILITY TO EAE 

Certain animal strains are resistant to development of EAE, 
and susceptibility is linked to MHC genes (17, 18). A similar 
situation occurs in humans in which certain HLA types are 
associated with specific autoimmune diseases, e.g., multiple 
sclerosis (DR2, DQW1), diabetes (DR3, DR4), and rheuma- 
toid arthritis (DR4) (19). The association between auto- 
immune diseases and particular MHC alleles suggests that 
T cells restricted by MHC gene products are involved in the 
disease process. Further support for the role of T cells in 
autoimmune diseases is the association with certain T cell 
■receptor )3 -chain alleles (20). 

The mechanism by which MHC molecules are associated 
with susceptibility to autoimmune diseases is unclear, but 
probably relates to preferential presentation of autoantigen s 
to T cells and perhaps preferential stimulation of certain 
classes of T cells. However, resistance or susceptibility to 
EAE and other autoimmune processes is clearly a multigenic 
process, with genes outside the MHC complex influencing 
susceptibility (21). 

It has been shown that astrocytes can present myelin basic 
protein to encephalitogenic T cell lines in vitro (22), and'that 
bone marrow^enved perivascular~Tnicroglial -cells— in— the 
CNS-present antigen in vivo (23). In vivo studies demon- 
strated the requirement for histocompatibility between in- 
vading encephalitogenic T cells and perivascular microglial 
cells for ~induction-of-EA~E'1[23). Recent observations suggest 
that among immunological activities of the cells of the CNS, 
resistance or susceptibility to autoimmune processes may be 
related in part to the ability of brain endothelia or glia cells 
from susceptible strains of rats or mice to express sufficient 
levels of MHC to stimulate autoreactive T cells (24). These 
differences in stimulating capacity between species appear 
tissue-specific as non- glial cells from various strains had 
equivalent abilities to stimulate T cell lines. These observa- 
tions raise the possibility that MHC antigens on glial and 
non-glial tissue are different, and such a difference could be 
important in determining T cell-mediated, organ-specific 
autoimmunity. Aberrant MHC expression has also been 
postulated to play a role in endocrine autoimmunity (25). 
Furthermore, in addition to presentation of antigen to the 

1 cell receptor by antigen-presenting cells, costimulatory 
"signals are required for T cell triggering, and T cell anergy 
can develop if antigen is presented to T cells in the absence 



CHRONIC RELAPSING EAE (CR-EAE) 

EAE may be an acute, self-limiting process or a chronic, 
relapsing disease. The development of chronic as opposed to 
acute EAE relates to a number of factors, including the 
animal strain injected and the nature of the inoculation. In 
the Lewis rat, subcutaneous or intradermal injection of 
MBP plus adjuvant leads to an acute paralytic disease 10-17 
days after injection, with recovery. Recovered animals are 
resistant to subsequent induction of EAE. Postrecovery sup- 
pressor cells of the CD4 + phenotype that inhibit antigen- 
specific production of IFN-a by encephalitogenic T cells ap- 
pear related to the recovery of Lewis rats from acute EAE 
and to the inability to reinduce EAE by active immunization 
in recovered animals (32). However, these Ag-specific sup- 
pressor cells do not inhibit disease after passive transfer of 
activated MBP -specific T cells, which suggests that they act 
at the afferent rather than the efferent phase of the disease. 
The existence of postrecovery suppressor cells raises the the- 
oretical question of whether in humans natural resistance to 
autoimmune processes is acquired. It is possible that humans 

TABLE 2. Factors associated with autoimmune diseases 



References 



Genetic susceptibility 

Association of autoimmune diseases with MHC 

alleles 19 
Non-MHC genes involved in disease susceptibility 20, 21 

Triggering events 

Infection or damage to target organ with release or 

alteration of autoantigens - 26 

Molecular mimicry or cross- reactivity between virus 

or bacteria and self protein 27, 28 

Abberant expression of MHC moleculesl by local 

antigen-presenting cells in target organ with 

stimulation of autoreactive T cells 24-25 
Non-antigen-specific activation of the immune 

system by cytokines released after systemic 

infection 29, 30 

Drugs 3 1 

Dysregulation of the immune system 

Defective generation of suppression 36 
Altered neuroendocrine regulation 33-35 
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oecome naturally protected against autoimmune processes 
by having self-limited or transient subclinical autoimmune 
attacks, and autoimmune disease develops when there is a 
defect in developing such resistance. Spontaneous recovery 
of Lewis rats from EAE depends on regulation of the im- 
mune system by endogenous adrenal corticoids (33). A de- 
fective hypophysis-pituitary-adrenal axis response to inflam- 
mation results in low levels of endogenous corticosteroids 
and may contribute to susceptibility of the Lewis rat to EAE 
and other autoimmune diseases such as streptococcal cell 
wall arthritis (34). 

In multiple sclerosis and other autoimmune diseases such 
as rheumatoid arthritis, defects in antigen nonspecific im- 
munoregulation have been identified, and such defects could 
contribute to generation of a relapsing/chronic immune 
response (36). A mild relapsing form of EAE can be trig- 
gered in Lewis rats when they are injected with whole spinal 
cord homogenate (37). CR-EAE is easily produced in the 
mouse either by injection of white matter homogenate in 
complete Freund's adjuvant (CFA) or the transfer of MBP 
reactive T cell clones (38). Immunoregulatory mechanisms 
associated with CR-EAE are poorly understood. One impor- 
tant principle related to relapsing disease is that the myelin 
antigen or the determinant on the myelin antigen associated 
with the chronic disease may be different from the deter- 
minant or antigen that induces the initial attack (39). For ex- 
ample, relapsing disease induced by MBP or an MBP clone 
might depend on induction of a cellular or humoral immune 
response to another myelin antigen, such as proteolipid pro- 
tein (40), myelin oligodendrocyte glycoprotein (41), or other 
myelin antigens. If this is true, it has important implications 
for designing therapy related to antigen-specific modulation 
of any component of the trimolecular complex. 

IMMUNOTHERAPY BASED ON SPECIFIC 
MODULATION OF THE TRIMOLECULAR 
COMPLEX 

Antigen recognition by T cells involves interaction of three 
components: antigen, the T cell receptor, and MHC. To 
down-regulate antigen-specific immune responses, each 
component is a potential target for immunotherapy (Fig. 1). 




Figure 1. The trimolecular complex as a target for immunotherapy. 



Indeed, successful antigen-specific immunotherapy in EAE 
has been achieved by using or affecting the function of each 
component of the trimolecular complex (Table 3). Some of 
these approaches are being tested in clinical trials in MS and 
other autoimmune diseases. 



ANTIGEN-DRIVEN PERIPHERAL TOLERANCE 

When the immune system is confronted by a foreign antigen, 
two pathways are possible: tolerance or immunity. Whether 
tolerance or immunity develops depends on many factors, 
including the route of administration, whether adjuvants are 
used, and the concentration and physical state of the antigen. 
A variety of methods have been used to suppress EAE using 
antigen-driven tolerance, including administration of anti- 
gen intravenously, in incomplete Freund's adjuvant, in lipo- 
somes coupled to autologous splenocytes, and orally (42-49). 
We have been investigating oral tolerance as a method to 
down-regulate both experimental and human autoimmune 
disease because of its inherent clinical applicability. 

Oral administration of antigens was the first demonstra- 
tion of immune tolerance and was reported in 1911 by Wells, 
who found that guinea pigs fed hen's egg protein lose the 
ability to develop anaphylactic sensitivity to the ingested pro- 
tein (50). In 1946, Chase reported suppression of responses 
to haptens after oral administration (51). Oral immunization 
induces local B cell responses in the gut mucosa and at the 
same time tolerizes for systemic administration of the same 
antigen. Although the exact mechanism of suppression as- 
sociated with oral tolerance is not defined, many experi- 
ments demonstrate that active suppression mediated by 
T cells occurs after oral administration of antigen (52). Anti- 
gen feeding affects both humoral and cellular immune 
responses but has more profound effects on cellular im- 
munity. 

Some investigators have suggested that after antigen is 
orally administered, CD4* suppressor/inducer cells are 
generated in Peyer's patches, and these cells then migrate to 
mesenteric lymph nodes and the spleen where they down- 
" regulate systemic immune responsiveness by inducing CD8* 
suppressor-effector cells (53). Furthermore, it has been 
reported that intestinal epithelial cells may preferentially ac- 
tivate CD8 + suppressor T cells (54). 

Although oral tolerance has been studied for many anti- 
, gens, it has only recently been applied to the study of auto- 
immune diseases. We 1 and^o there have^demonstrated that 
orally- administered myelin basic proteirfand myelin antigens 
suppress acute and chronic- relapsing EAE (9, 44-46)7S-Ag 
suppresses experimental autoimmune uveitis (55), and colla- 
gen II suppresses both collagen and adjuvant-induced arthri- 
tis (56-58). Suppression of EAE is related to the generation 
of antigen-specific CD8* T cells that can adoptively transfer 
protection against EAE (9) and act via the release of the sup- 
pressive cytokine TGF^ after being triggered by antigen 
(59). We have also found that v prally administered noneh- 
cephalitogenic fragments pf.MBP^can suppress rEAE. Thus, 
antigen-driven peripheral tolerance may involve suppressor 
epitopes that are different from immunodominant epitopes 
on the antigens that trigger CD4 + cells. This phenomenon 
has previously been shown in the HEL system (60) and in 
the EAE model (61). It is not clear why certain epitopes of 
a protein may have suppressive properties. Nonetheless, 
these findings raise jhe possibility that nonencephalitogenic 
fragments of an autoantigen such as MBP could be used to 
treat a disease such as MS, although different suppressor epi- 
topes may be active in different individuals. A clinical trial 
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is currently in progress at our institution in which a myelin 
preparation is being orally administered to MS patients. 

Another method to induce antigen-driven peripheral tol- 
erance both in vitro and in vivo is by administration of anti- 
gen coupled to syngeneic lymphoid cells. In the EAE model, 
injection of mouse MBP -coupled splenocytes 7 days before 
immunization with mouse spinal cord homogenate (MSCH) 
prevents induction of acute EAE in SJL/J mice (47), and this 
approach also suppresses MSCH- induced CR-EAE (48). 
Neuroantigen-specific tolerance has been used to determine 
the relative role of MBP and PLP in MSCH-induced CR- 
EAE (49). It has been found that tolerization with PLP, not 
MBP-coupled spleen cells, prevented disease in these 
animals. These experiments demonstrate that antigen- 
driven tolerance can be used to determine which autoanti- 
gens are important in an autoimmune disease in which mul- 
tiple antigens are potentially involved. In this regard we re- 
cently demonstrated that oral administration of type II 
Collagen suppresses adjuvant arthritis (58), which suggests 
an important role for autoimmunity to CII in this model. In 
a similar fashion, a clinical trial in which antigen-driven 
tolerance is undertaken will in itself be a clinical experiment 
that will help define the degree to which immunity to partic- 
ular auto antigen plays a pathogenic role in the disease. 

A synthetic copolymer (Cop 1) that competes with MBP 
for binding to MBP reactive clones (62) suppresses EAE 
(63), and in a pilot trial subcutaneous administration 
demonstrated positive effects in patients with early, relapsing 
MS (64) although no effect was observed in the chronic form. 
The exact mechanism of action of Cop 1 in vivo is unclear. 
It was initially designed to generate antigen-driven tolerance 
due to its cross- reactivity to myelin basic protein, and is 
reported to induce MBP-specific suppressor cells (63). It is 
postulated to also act by specific inhibition of BP -specific 
effector cells. 



ANTI-T CELL RECEPTOR THERAPY 

EAE is mediated by CD4 + T cells specific for MBP or PLP. 
Cohen and co-workers (65) were able to suppress EAE by in- 
jecting MBP-specific T cell lines that were attenuated by ir- 
radiation, pressure, or glutaraldehyde treatment before im- 
munizing animals with MBP plus CFA. The effect was for 
the most part antigen-specific in that injection of lines 
specific for another antigen had a minimal effect. This treat- 
ment has been termed T cell vaccination, and the presumed 
aechanism of action is an anticlonotypic or antiidiotypic 
response against the T cell antigen receptor (TCR) or other 
structures on the injected line or clone (66). Subsequendy, it 
has been found that there is conservation of TCR among en- 



cephalitogenic T cells, even in different animal models of 
EAE, despite known differences in MBP -epitope specificity 
and differences in major histocompatibility complex (MHC) 
restriction (67-69). These findings provided a more defined 
target for immunotherapeutic intervention. Two groups have 
reported successful treatment of EAE in the Lewis rat by im- 
munizing with peptides comprising specific variable regions 
of the Vb8.2 T cell receptor (70, 71). Another successful ap- 
proach has been the use of monoclonal antibodies directed 
against TCR structures used by encephalotogenic clones (67, 
68). Nonetheless, anti-idiotypic antibodies directed against 
the T cell receptor of an MBP-specific T cell hybridoma have 
been reported to either suppress or enhance EAE (69). For 
anti-T cell receptor therapy to be successful in human dis- 
ease, there must be limited heterogeneity of TCR usage by 
pathogenic autoreactive T cells. We have recently demon- 
strated restricted TCR usage for MBP clones from MS pa- 
tients that recognize the immunodominant region of MBP, 
raising the possibility of T cell receptor therapy in MS (72). 
Furthermore, oligoclonal T cells have been described both in 
MS (73) and rheumatoid arthritis (74). Pilot trials of T cell 
vaccination using T cells clones from spinal fluid or joints in 
human autoimmune disease such as MS and rheumatoid ar- 
thritis are currently in progress (75). Other investigators are 
testing T cell receptor peptides in MS. Nonetheless, it is 
likely that with further study TCR usage in the recognition 
of autoantigens in autoimmune models and human diseases 
may not be strictly limited. 

MHC-BLOCKING PEPTIDES AND ANTI-MHC 
MONOCLONAL ANTIBODY THERAPY 

A third approach for immune intervention at the level of the 
trimolecular complex relates to the fact that autoantigens 
must be presented by MHC molecules and that there is an 
association between autoimmune diseases and particular 
MHC alleles (19). Based on recognition of the MBP peptide 
(Pl-11), acetylated at its NH 2 terminal, as the immuno- 
dominant epitope that stimualtes encephalitogenic T cells in 
H-2 U strain mice, it was possible to design peptides that 
competed for recognition of MBP at the level of antigen 
presentation without interacting with TCR to block T cell 
activation (76). By substitution of a single amino acid (lysine 
to alanine at position 4 of Acl-11), it was possible to generate 
peptides with increased affinity for the I-A u binding deter- 
minant. The same peptides substituted with other residues 
(glutamine to alanine in position 3) are not recognized and 
do not activate encephalitogenic T cells. Immunization of 
mice with both the analog peptide and the encephalitogenic 
peptide suppressed EAE compared with animals given the 
encephalitogenic peptide alone (77). Peptide blocking of 
MHC has also been shown for PLP -induced EAE by peptide 
139-151 (78). To be effective, the MHC blocking peptide 
must compete with endogenous peptides for the MHC bind- 
ing site and therefore must be continually supplied to avoid 
induction of the autoimmune response, which may not be 
feasible clinically. 

EAE as well as other autoimmune diseases have been 
treated effectively by administration of anti-la monoclonal 
antibodies (79, 80). The mechanism of action of anti-la im- 
munotherapy is unclear. Such therapy was designed to in- 
hibit MHC presentation of Ag to T cells and offer the advan- 
tage of allelic-specific therapy, suppressing autoimmune 
responses linked to certain alleles without inducing global 
immune suppression. Investigators have also reported gener- 
ation of T cells that adoptively transfer suppression after 
anti-la therapy (80, 81). 
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IMMUNOTHERAPY BASED ON MODULATION OF 
NONSPECIFIC IMMUNE FUNCTION (TABLE 4) 

Monoclonal antibodies against T cell surface markers 

Monoclonal antibodies that recognize T cell surface deter- 
minants not related to the TCR have been used in animals 
as immunosuppressive agents to reverse experimental 
models of autoimmune disease (82, 83). CD4 + T cells are the 
primary disease-inducing component in EAE. Both anti-pan 
T cell antibodies and anti-CD4 antibodies suppressed acute, 
and in some instances chronic, EAE (84). Another approach 
has been to target activated T cells in EAE (85), and anti- 
IL 2 receptor antibody has been shown to be effective in the 
NOD mouse model of diabetes (86). Interleukin 2 linked to 
diptheria toxin is another method to target activated cells 
(89). Pilot trials with murine monoclonal antibodies directed 
against T cell-surface antigens (CD4, CD2, and anti-T-12) 
have been reported in MS patients (87, 88). Immunologic 
effects were noted, but human anti-mouse responses pre- 
vented continued administration of these monoclonal anti- 
bodies for a chronic disease such as multiple sclerosis (88). 
Chimeric antibodies are expected to have less antigenicity, 
and thus may partially obviate the limitation of mouse mAb 
due to the human response against the mouse mAb constant 
regions. There are preliminary reports of positive effects of 
anti-CD4 antibodies in rheumatoid arthritis, and trials of 
chimeric anti-CD4 antibodies in MS patients are currently 
in progress. Another possible approach includes the use of 
monoclonal antibodies directed against adhesion molecules. 

Other forms of therapy 

Cytokines play an important role in the generation of im- 
mune responses, and a variety of approaches related to 
moderation of cytokine function or use of cytokines to alter 
immune reactivity are possible. As mentioned previously, 
MS -was exacerbated by treatment with y-interferon, pre- 
sumably related to up-regulation of class II (30), and MS 
patients with increased numbers of viral infections have in- 
creased disease activity (29). Currently, there are multi- 
center trials utilizing )3- interferon in MS based on the antag- 
onistic effects of ^-interferon on y-interferon-induced la 
expression (90). Soluble IL 1 receptors are also being used 
to suppress immune responses (89). 

Migration of activated lymphocytes into the target organ 
is the prerequisite for initiation of cell-mediated autoim- 
mune responses. We have found rapid trafficking of in vivo- 

TABLE 4. Immunotherapy based on modulation of nonspecific immune 
function 
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Monoclonal antibodies directed against T cells 



Anti-CD4 


82-84, 88 


Anti-CD2 


88 


Down- regulation of activated cells 




Anti-IL 2 receptor monoclonal antibodies 


85, 86 


IL 2 toxin 


89 


Cytokine therapy 


90 


^-Interferon 


Soluble IL 1 receptors 


89 


Alteration of lymphocyte migration 


91-93 


Chemical immunosuppression 


94 



labeled T cells from peripheral blood to the cerebrospinal 
fluid in MS (91). It has been shown that traffic of T cells to' 
target tissue is related to activation of the heparanase that 
degrades the heparan sulfate component of the subendothe- 
lial extracellular matrix. Expression of this heparanase and 
heparanase-dependent T cell traffic was shown to be in- 
hibited in vitro and in vivo by heparinoid molecules, and 
suppression of experimental autoimmune diseases was dem- 
onstrated in animals by treatment with low doses of heparin 
(92). We performed a pilot trial of low-dose heparin (100-500 
units/day) in chronic progressive MS but observed no posi- 
tive effects (93). 

Finally, chemical immunosuppression with drugs such as 
cyclophosphamide have been shown to be of benefit in some 
patients with MS (94) and in lupus nephritis. Methotrexate 
is efficacious in rheumatoid arthritis. Because of the multiple 
mechanisms involved in autoimmune responses, intermittent 
use of such drugs may be required even in the context of 
more specific modulation of the immune system discussed 
previously. [^3] 

We thank Mary Russell and Byron Waxman for helpful discus- 
sions, and Amy Hostetter for secretarial support. A. M. is the 
recipient of the American Physician's Fellowship. 
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ABSTRACT Nonobese diabetic (NOD) mice spontaneously 
develop an autoimmune form of diabetes associated with 
insulitis. A number of immunomodulatory therapies have been 
investigated as a treatment for the disease process. Oral 
administration of the autoantigens myelin basic protein and 
collagen type II suppresses experimental models of encephalo- 
myelitis and arthritis. We have now found that oral adminis- 
tration of insulin delays the onset and reduces the incidence of 
diabetes in NOD mice over a 1-year period in animals admin- 
istered I mg of porcine insulin orally twice a week for 5 weeks 
and then weekly until 1 year of age. As expected, orally 
administered insulin had no metabolic effect on blood glucose 
levels. The severity of lymphocytic infiltration of pancreatic 
islets was also reduced by oral administration of insulin. 
Furthermore, splenic T cells from animals orally treated with 
insulin adoptively transfer protection against diabetes, dem- 
onstrating that oral insulin administration generates active 
cellular mechanisms that suppress disease. These results show 
that oral insulin affects diabetes and the pancreatic cellular 
inflammatory process in the NOD mouse and raise the possi- 
bility that oral administration of insulin or other pancreatic 
autoantigens may provide a new approach for the treatment of 
autoimmune diabetes. 

Type I diabetes or insulin-dependent diabetes mellitus 
(IDDM) is thought to be an autoimmune disease in humans 
(1-3). The nonobese diabetic (NOD) mouse spontaneously 
develops IDDM that has many immunological and patholog- 
ical similarities to human insulin-dependent diabetes. The 
autoimmune nature of the disease is suggested by the lym- 
phocytic infiltration of the islets of Langerhans, which pre- 
cedes the destruction of insulin-producing beta cells (4). As 
such, the NOD mouse has served as one of the primary 
models for IDDM and a mode! in which new approaches for 
immunotherapy have been investigated. 

A variety of immunomodulatory treatments have been 
studied in the NOD mouse. In general, treatments that affect 
T-cell function or are immunosuppressive have been effec- 
tive, such as neonatal thymectomy and in vivo treatment with 
anti-CD4 monoclonal antibody and cyclosporine A (5-7). A 
major impetus behind such studies has been to develop 
approaches that may be utilized to treat human IDDM. 
Clinical trials in humans have demonstrated that antigen 
nonspecific immunosuppression with drugs such as cyclo- 
sporine A and azathioprine can affect beta-cell destruction 
after diabetes onset, but such therapy is not curative and is 
associated with drug-related toxicities (8, 9). The ability to 
identify patient populations at risk for diabetes (10, 11) makes 
the development of disease-specific nontoxic forms of ther- 
apy that can be administered to prediabetes to prevent or 
reduce the incidence of diabetes a major therapeutic goal. 

The publication costs of this article were defrayed in part by page charge 
payment. This article must therefore be hereby marked "advertisement" 
in accordance with 18 U.S.C. §1734 solely to indicate this fact. 



We have been investigating antigen-driven peripheral im-: 
mune tolerance as a means to suppress autoimmune pror 
cesses, using the oral route of antigen exposure. Orally 
administered antigen stimulates the immune system in a : ; 
physiologic fashion and has long been recognized to produced 
systematic immunologic hyporesponsiveness or tolerance: 
(12-14). We and others have found that oral administration of ; 
autoantigens suppresses animal models of autoimmunity^ 
including experimental autoimmune encephalomyelitis-: 
(EAE) (15-17), adjuvant- and collagen-induced arthritis (18-i 
20), and experimental autoimmune uveitis (21). Oral toleK% 
ance as a means to treat diabetes is especially attractive? 
because of its virtual lack of toxicity and its inherent clinicall 
applicability. In addition, such therapy could be applicable 10 
pancreatic islet transplantation. In the present report, we* 
have found suppression of diabetes in the NOD mouse by orajv: 
administration of insulin. 

MATERIALS AND METHODS 
Animals. NOD mice were purchased from Taconic Faring 
maintained in our animal facility, and fed regularly : \v^tT 
Purina Mouse Chow 5015 or 5008. The animals studied^ 
experiments in Table 1 and Fig. 4 were housed in a conye 
tional room, and those studied in all other experiments we 
housed in a virus antibody-free (VAF) facility. Female NQQ : 
mice were used for all experiments except for recipients i& 
adoptive transfer experiments. 

Assessment of Diabetes. Mice were monitored for develop^ 
ment of diabetes weekly by urinary glucose testing with test ■ 
strips (Eli Lilly). Glycosuric mice were then bled to check for 
glycemia by using a glucose analyzer (Beckman). Diabetes 
was confirmed by hyperglycemia (>13.8 mM) for 2 consec- • 
utive weeks. 

Antigens. Porcine monocomponent insulin was purchased 
from Novo Biolabs (Danbury, CT). Myelin basic protein 
(MBP) was prepared as described (15). 

Oral Administration of Antigen. Insulin or MBP in phos- 
phate-buffered saline (PBS; 1.7 mM KH 2 PO^/5 mM( 
Na 2 HPO 4 /150 mM NaCI) was administered to mice orally' 
through a syringe fitted with a ball-type feeding needle in 
volume of 0,5 ml per mouie per feeding. 

Histopathology. The animals were sacrificed by cervical^ 
dislocation, and the pancreases were taken and immediately-' 
frozen. Cryosections (3 or 4 sections per mouse) were; fixed/ 
with acetone and double-stained with (/) biotinylated mcfoo| 
clonal anti-thy-1.2 antibody plus avidin-peroxidase conjii^ 
gate and (//) monoclonal anti-beta-cell antibody (A2B5) pl^ 
alkaline phosphatase-conjugated anti-mouse IgM. The .iter 
gree of insulitis was scored blindly by two independcti 
observers using a semiquantitative scale ranging from 0 1& 
0, normal islet with no sign of T-cell infiltration; 1/6* 
peri-islet T-cell infiltration; 2, more extensive peri-islet ii 

Abbreviations: NOD, nonobese diabetic; IDDM, insulin-dq 
diabetes mellitus; MBP, myelin basic protein; EAE, expe' 
autoimmune encephalomyelitis; VAF; virus antibody-free. 




A 



f^^^Medical Sciences: Zhang et al 



jn outwitti lymphocytes less than one-third of the islet 
mca- 3 intraislet T-cell infiltration in one-third to one-half of 
^the isleVarea; 4, extensive intraislet inflammation involving 
"bore than half of the islet area. ^ i 

Adoptive Transfer of Diabetes and T-Cell Depletion. The 
adoptive transfer experiments were carried out by the 
method of Wicker et al (22) with slight modifications. 
Briefly donor splenocytes were prepared from newly dia- 
betic female animals (diagnosed within 14 days), resuspended 
in Hanks' balanced salt solution (hBSS), and injected i.v. 
through the retroorbital plexus (1 x <L0 7 cells per recipient] to 
7-week-old male NOD mice, which were irradiated with/70 
R from a 137 Cs source 24 hr prior to the transfer. Five-nuThon 
modulator SeUs from insulin-fed or control-fed ammals^vere ^ 
^transferred with splenocytes from newly diabetic animals 
into male recipients. For T-cell depletion, splenocytes from 
insulin-fed animals were incubated with anti-thy-1.2 mono- 
clonal antibody (diluted 1:200; from Accurate Chemicals, 
Westbury NY) at a concentration of 2 x 10' cells per ml, at 
room tem^rature for 60 min, followed by an incubation with 
Low-Tox rabbit complement (1:15; Cedarlane Laboratories, 
Hornby ON, Canada) for 30 min at 37°C. Control cells were 
treated with complement alone. Cells were washed three 
times with HBSS prior to transfer. Five-million anti-thy-1.2- 
or complement-treated cells were cotransferred. 

RESULTS AND DISCUSSION 

^mimber of autoantigens have been identified as potential 
t antigens of an autoimmune attack that leads to the 
bpment of diabetes. These include insulin, glutamic acid 
^u^arboxylase (GAD), carboxypeptidase H, insulin secre- 
Ifery granule proteins, and heat shock proteins (23-25). To ^ 
^ est the effect of oral administration of insulin on the devel^ 
foment of diabetes, female NOD mice at 5 weeks of age were 
£feb! PBS or 10 jig, 100 fig, or 1 mg of porcine insulin twice 
^Weekly for 5 weeks and then weekly until the animals reached 
m/year of age. There was a marked delay in the onset and a 
decreased incidence of diabetes in animals fed 1 mg of 
[porcine insulin (Table 1; Fig. 1, P = 0.02, Kaplan-Meier 
analysis) with a slight effect at 100 fig. Note that the incidence 
*of diabetes in the control group was relatively low. This may 
'belated to the frequent handling of the animals associated 
E!with feeding and to the housing of the animals for this 
Experiment in a non-VAF facility. To test the effect of oral 
^insulin in animals with a higher incidence of diabetes, a 
^second experiment was conducted in a VAF facility. In 
^addition, a group of animals was also fed 1 mg of MBP as a 
^control antigen. A decreased incidence of diabetes following 
f&oral insulin was observed, although the overall incidence of 
diabetes was higher. Specifically, the incidence of diabetes in 
^animals at 30 weeks was as follows: 13 of 30 fed PBS, 14 of 

^Table 1. Suppression of IDDM in NOD mice by oral 
^ administration of porcine insuiin 



I?; Feeding 
|?;> treatment 



Diabetes incidence, % 



6 months 



9 months 



12 months 



Control (PBS) 
Wulin in PBS 



20.5 

16.7 
11.1 
0* 



44.1 

23.8 
28.5 
8.0* 



49.2 

37.3 
43.8 
26.4* 



& Five-week-old female NOD mice (27-30 per group) were fed with 
^various dosages of porcine insulin in PBS (control group received 
fi>BS alone) twice weekly for 5 weeks and weekly until 1 year of age. 
ginning at 12 weeks of age, the mice were examined weekly for 
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Fig 1 Effect of oral administration of porcine insulin on IDDM 
in female NOD mice. Life table analysis of the control group and the 
group fed 1 mg of insulin from Table 1 (P - 0.02, Kaplan-Meier 
analysis). 

30 fed MBP, 13 of 29 fed 10 fig of insulin, 10 of 30 fed 100 fig 
of insulin, and 6 of 30 fed 1 mg of insuiin (P < 0.05 for animals 
fed 1 mg of insulin vs. control and animals fed MBP). 

It has been reported (26) that low doses of subcutaneous 
insulin may affect the onset of diabetes in NOD mice. Orally 
administered insulin is not metabolically active, presumably 
because it is degraded in the stomach. Degradation of pro- 
teins in the gastrointestinal tract does not affect oral tolerance 
and actually may facilitate orally induced tolerance by cre- 
ating small protein fragments that are better able to interact 
with gut-associated lymphoid tissue (27). Nonetheless, to 
determine whether any metabolic effects could be discerned 
in animals being fed 1 mg of insulin, blood glucose levels were 
measured in 17-week-ol<Unimals. The average blood glucose 
prior to the weekly insulin feeding was 7.56 mM in animals 
fed PBS and 7.53 mM in animals fed 1 mg of insulin. Thirty 
minutes after feeding, the blood glucose in animals fed PBS 
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Fig 2 Effect of oral insulin on blood glucose. Seven-week-old 
female NOD mice (25 mice per group) were treated orally with 1 mg 
of porcine insulin or 1 mg of guinea pig MBP or were mjec ed 
subcutaneously with 20 fig of porcine insulin. All mice were blea 
before treatment, and 5 mice from each group were bled l^nl 
4 8 and 24 hr after treatment. Individual plasma samples were 
measured in duplicate for glucose levels by using a Beckman glucose 
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was 8.53 mM and in animals fed 1 mg of insulin was 8.63 mM. 
In an additional study, 7-week-old NOD mice were fed 1 mg 
of insulin or 1 mg of MBP. All animals were kept in a fasting 
state. Animals given 20 /xg of subcutaneous insulin had an 
immediate drop in blood glucose (Fig. 2). In animals fed 1 mg 
of insulin or 1 mg of MBP, an increase in blood glucose was 
observed, perhaps related to the stress of gastric intubation, 
followed by a decrease in blood glucose 8 hr later as the 
animals were in a fasting state. Note that animals fed 1 mg of 
insulin for 1 year responded normally to subcutaneous insulin 
(data not shown). These results show that oral insulin has no 
metabolic effect on blood glucose either acutely or chroni- 
cally. 

To determine whether feeding insulin affected lymphocytic 
infiltration of pancreatic islets, animals in a separate series of 
experiments were fed 1 mg of insulin twice weekly for 5 
weeks and were sacrificed at 10 weeks of age and examined 
for insulitis. There was a marked reduction of insulitis in 
animals fed 1 mg of insulin vs. those fed 1 mg of MBP (Fig. 
3; 0.85 ± 0.1 vs. 1.99 ± 0.1; P < 0.01). Note that feeding 5 
mg of insulin did not affect insulitis. A similar dose-response 
effect has been observed with oral tolerization to collagen in 



Fig. 3. Effect of feeding por- 
cine insulin on insulitis in NOD 
mice. Five- week-old female NOD^ 
mice (8-10 mice per group) were'- 
fed PBS, 1 mg or 5 mg of insulin in^; 
PBS, or 1 mg of MBP in PBS twice" 
weekly for 5 weeks. At 10 weeks 
of age, the animals were sacri-' 
ficed, and pancreases were taken; 
for histopathologic^ examina 
tions. Eight to 12 islets from each 
animal were scored. (A) Insuli 
score. Data are expressed as _ . 
mean score of each group ±'SEKfc 
{P < 0.001 for group fed 1 iri^p 
insulin vs. group fed PBS or I fmg 
of MBP). (B) Representative islet 
from control animal with pro-1 v 
nounced lymphocyte mfiltotion;5S 
(histopathologic score = 4). (C) .^si- 
Representative islet from animal iM. 
fed 1 mg of insulin with minimal 
inflammation (histopathologic, 
score =1). \& 

animal models of adjuvant and coUagen-induced arthritis iin 
which the suppressive effect of oral collagen was lostjjwt' 
increased doses (18-20). We also have observed aV ' 
^suppression of EAE in the SJL mouse by orally afaministe , 
MBBr with increasing doses (28). ; "\^JC 
lie majority of studies on the mechanism of oral toieran\ 
report that active cellulai suppression occurs (14). We3£aj£ 
adoptively transferred disease protection with lymphp6 C 
from fed animals in both the EAE and adjuvant jSr]^^ 
models (16-18). To investigate whether active ccllul^rj^r 
anjsms were associated with suppression of diabete's^a* 
NOD mouse after oral administration of insulin, an : $ 
ated diabetes model was utilized, in which diabetes jsjj 
erated in youqg NOD mice by adoptive transfer pis 
cytes from diabetic NOD donors; this provides a, sci _ 
and more rapid assay for investigating inimunomodulaff 
disease. Spleen cells from animals fed 1 mg of insulin 
or 1 mg of MBP 5 times over 2 weeks were cotrarisfei; 
spleen cells from diabetic animals. Accelerated^ 
NOD mice was suppressed by splenocytes froml 
but not PBS- or MBP-fed animals (Fig^A;^ 
'iogrank" test for all groups), v- - io^T ' 
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To determine whether the suppression was T cell depen- 
dent, T cells were depleted from splenocytes of insulin-fed 
animals prior to adoptive transfer. Eight weeks after transfer, 
the incidence of accelerated diabetes in animals receiving no 
modulators was 10/11; in animals receiving complement- 
alone-treated modulators from insulin-fed animals was 2/10, 
and in animals receiving T cell-depleted modulators from 
insulin-fed animals was 9/10 (P = 0.02). Others have reported 
i suppression of accelerated disease with transfer of 20 x 10 6 
^een cells from nondiabetic 8-week-old animals (29). We 
not observe protection by spleen cells from control 
,nals with 5 x 10 6 cells transferred. 
The effects we observed in the NOD mouse are not related 
to nonspecific suppressive effects of orally administered 
insulin as oral administration of 1 mg of insulin had no effect 
on the development of EAE in the SJL mouse or on cellular 
proliferative response to concanavalin A or lipopoly saccha- 
ride (data not shown). In other studies of oral tolerance in 
autoimmune models, we also found disease protection to be 
antigen and disease specific. Thus, the antigens we have used 
for oral tolerization, MBP, collagen type II, and S antigen 
suppress EAE, adjuvant arthritis, and experimental uveitis, 
respectively, without affecting the other diseases. Species- 
specific autoantigens are not a requisite to induce oral 
tolerance as we have found suppression of EAE in the Lewis 
rat with bovine MBP. 

Although we have shown suppression of diabetes and 
insulitis in the NOD mouse by oral administration of insulin, 
the role of autoimmunity to insulin in the development of 
diabetes in the NOD mouse and in man remains to be defined. 
Anti-insulin antibodies are found in both NOD mice and 
patients with type I diabetes (30). In patients, anti-insulin 
autoantibodies can be found prior to the onset of insulin 
therapy, are HLA-DR4-associated, and are correlated with the 
rate of disease progression (31, 32). Cellular reactivity to 
insulin occurs in man and has been reported to be of increased 
frequency in prediabetic individuals (33). Cellular immunity to 
insulin has not been extensively studied in the NOD mouse, 
and in initial experiments we have not found cellular immune 
responses to insulin as measured by thymidine incorporation 
he spleen or lymph nodes of NOD mice, though further 
tigations are required in this area using more sensitive 
*ys and studying cells isolated from the pancreas. 
Adoptive transfer experiments demonstrate that transfer- 
able active suppression of diabetes in the NOD mouse by 
splenic T ceils is generated by oral administration of insulin. 
Recent studies from our laboratory suggest that the T cells 
that adoptively transfer suppression of experimental autoim- 
mune encenhalomvHiti*; fnllowino 
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Fig. 4. Suppression of adoptively transferred 
diabetes by splenocytes from female NOD mice fed 
insulin. Modulator cells were freshly obtained from 
6-week-o!d female NOD mice that had been fed 1 
mg of insulin, 1 mg of MBP, or PBS five times over 
the previous 2 weeks. Ten million splenocytes 
isolated from female diabetic NOD mice were 
cotransferred with 5 million modulator cells from 
fed animals to 7-week-oId syngeneic male recipients 
that had been irradiated with 770 R 24 hr earlier. 
The onset of diabetes in the recipients was checked 
twice weekly by assaying for glycosuria and con- 
firmed by presence of hyperglycemia (>13.8 mM). 
P = 0.037 (logrank test) for all groups; P = 0.021 for 
animals fed insulin vs. those fed PBS. 

MBP are triggered in an antigen-specific fashion but mediate 
their effect by the release of the antigen-nonspecific suppres- 
sor cytokine transforming growth factor (TGF-0) in close 
proximity to effector cells (34). We have termed this mech- 
anism "antigen-driven bystander suppression" (35). Thus, it 
is possible that insulin is not a pathogenic autoantigen in the 
NOD mouse but that the regulatory ceils generated in the gut 
by feeding insulin migrate to the pancreas and are triggered 
by insulin to release TGF-/3, which down-regulates the local 
inflammatory processes in the pancreas. Further investiga- 
tions are required to determine whether oral administration of 
insulin affects diabetes in the NOD mouse by suppression of 
anti-insulin autoimmunity or by the aforementioned antigen- 
driven bystander suppression mechanism. 

It remains to be determined whether oral administration of 
other islet cell-specific antigens such as glutamic acid decar- 
boxylase, carboxypeptidase H, heat shock proteins, or secre- 
tory granule proteins caji also suppress diabetes in the NOD 
mouse. For application to human disease states, we have 
found that oral administration of autoantigens suppresses 
both established EAE and adjuvant arthritis, demonstrating 
the ability to effect an ongoing immune response (18, 36). 

Although our data clearly demonstrate amelioration of 
diabetes in the NOD mouse by oral administration of insulin, 
protection is not complete. We have observed that adjuvants 
such as lipopolysaccharide, when given orally, enhance the 
protective effects of oral tolerance to MBP in the EAE model 
(37). In addition, after week 10 of the NOD mouse, insulin 
was administered once per week. Thus, the use of tolerogenic 
adjuvants to enhance suppression, or more frequent dosing 
schedules, may lead to more complete prevention of diabe- 
tes. Additionally, it may be that oral administration of more 
than one or a different pancreatic target antigen will further 
enhance protection. 

One of the primary goals for the immunotherapy of au- 
toimmune diseases is to find nontoxic antigen-specific ther- 
apies that can be administered early in the course of the 
disease. Our results in the NOD mouse model of diabetes 
raise the possibility that orally administered insulin and/or 
other pancreatic antigens could provide a new approach for 
the prevention and treatment of autoimmune diabetes in man. 
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PENDING CLAIMS: 
as of Septembei^C^^^ 

A method for treating an autoimmune disease in a human or rodent host by 
suppressing an autoimmune response associated with said disease, the method 
comprising administering by nose or mouth to said host an effective amount for 
suppressing said response of a composition comprising a bystander antigen, wherein 
said bystander antigen is not an antigen to which T cells which mediate the disease are 
sensitized and wherein said bystander antigen is not an insulin antigen. 

38. The method of claim 37 w 
herein said bystander antigen is specific to an organ or tissue afflicted by immune 
attack during said disease. 

Cancel claim 39 without prejudice or disclaimer. 

42. The method of claim 37 wherein said bystander is administered to 
said host in aerosol form. 

43. The method of claim 37 wherein said bystander antigen is 
administered in a dry powder form. 

44. The method of claim 37 wherein said bystander antigen is 
administered as a saline solution. 

Cancel claim 45 without prejudice or disclaimer. 
46. The method of claim 38 wherein said disease is Type I diabetes 
and said bystander antigen is glucagon, administered orally. 

Cancel claim 47 without prejudice or disclaimer. 

48. A pharmaceutical dosage form for treating an autoimmune disease 
in a human or rodent, the form consisting essentially of: 

an effective amount for treating said disease of a bystander 
antigen; and a pharmaceutical^ acceptable carrier or diluent; 
wherein said bystander antigen is not insulin nor an antigen to which T cells that 
mediate said disease are sensitized, and wherein said dosage form is contained in an 
inhaler or nebulizer. 

49. The pharmaceutical dosage form of claim 48 wherein said 
bystander antigen is specific to an organ or tissue afflicted by immune attack during 
said disease. 

52. The pharmaceutical dosage form of claim 49 wherein said dosage 
form is an aerosol form. 

53. The pharmaceutical dosage form of claim 49 wherein said dosage 
form is a saline solution. 

54. The pharmaceutical dosage form of claim 49 wherein said dosage 
form is a dry powder. 

Cancel claim 55 without prejudice or disclaimer. 

56. The pharmaceutical dosage form of claim 48 wherein said disease 
is selected from the group consisting of Type I diabetes and animal models therefor and 
said bystander antigen is glucagon. 

57. A pharmaceutical dosage form for nasal administration for treating 
Type I diabetes in a human comprising an effective amount for treating said type I 
diabetes of glutamic acid decarboxylase and a pharmaceutically acceptable carrier or 
diluent in an inhaler or nebulizer. 

Cancel claims 59, 61-62 and 64-65 without prejudice or disclaimer. 
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Suppressor T cells generated by oraTEOTerization to myelin basic 
protein suppress both in vitro and in vivo immune responses 
by the release of transforming growth factor 0 after 
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ABSTRACT Oral administration of myelin basic protein 
(MBP) Is an effective way of suppressing experimental autoim- 
mune encephalomyelitis (EAE). We have previously shown that 
such suppression is mediated by CD8 + T cells, which adoptively 
transfer protection and suppress immune responses in vitro. In 
the present study we have found that modulator cells from 
animals orally tolerized to MBP produce a suppressor factor 
upon stimulation with MBP in vitro that is specifically inhibited 
by anti-transforming growth factor 0 (TGF-0) neutralizing 
antibodies. No effect was observed with antibodies to y inter- 
feron tumor necrosis factor a/p, or Sndomethacin. In addi- 
tion, the active form of the type 1 isofonn of TGF-/J1 (TGF -ft) 
can be directly demonstrated in the supernatant* of cells from 
animals orally tolerized to MBP or ovalbumin after antigen 
stimulation in vitro* Antiserum specific for TGF-& adrninis- 
tered in vivo abrogated the protective effect of oral tolerization 
to MBP in £AE. Furthermore, injection of anti*TGF-0j serum 
to nontolerized EAE animals resulted in an increase in severity 
and duration of disease- These results suggest that immuno- 
modulation of EAE induced by oral tolerization to MBP and 
natural recovery mechanisms use a common immunoreg- 
ulatory pathway that is dependent on TGF-0p Implications of 
such an association are of therapeutic relevance to human 
autoimmune diseases and may help to explain one of the 
mechanisms involved in the mediation of active suppression by 
T cells. 



Immunological tolerance is the acquisition of unresponsive- 
ness to self antigens and as such is essential for the preser- 
vation of the integrity of the host. A variety of mechanisms 
underly self-tolerance, including clonal deletion, clonal an- 
ergy, and active suppression (1), and its breakdown results in 
autoimmune diseases. The role and mechanism of action of 
active suppression in regulating the immune response are not 
well understood. One of the classic methods of inducing 
tolerance is via the oral administration of antigens, first 
described by Wells in 1911 (2) and subsequently by Chase in 
1946 (3). We and others have been studying oral tolerance as 
a mechanism to suppress autoimmune processes in a number 
of experimental models (4-11, 49) and have found that oral 
administrauon of myelin basic protein (MBP) suppresses 
experimental autoimmune encephalomyelitis (EAE), a cen^ 
tral nervous system autoimmune disease mediated by CD4 
MBP-reactive cells (4-8). We have also found that this effect 
is mediated by active suppression. Specifically, CD8 + T cells 
from animals orally tolerized to MBP suppress in vitro 

The publication costs of this article were defrayed in part by page charge 
payment. This article must therefore be hereby marked * 1 advertisement' T 
in accordance with 18 U.S.C. 11734 solely to indicate this fact. 



proliferative responses and adoptively transfer disease pro- 
tection (5)* 

In the present investigation, we have found that 1 cells 
generated by oral tolerance mediate suppression both in vitro 
and in vivo via the release of the cytokine transforming 
growth factor-^ (TGF-/3). Our findings not only have rele- 
vance to orally induced tolerance but may help to explain one 
of the mechanisms by which active suppression mediated by 
T cells occurs. 

MATERIALS AND METHODS 

Animals. Female Lewis rats 6-8 weeks of age were ob- 
tained from Harlan-Sprague-Dawley. Animals were housed 
in Harvard Medical School animal care facilities and main- 
tained on standard laboratory chow and water ad libitum. 

Antigens. Guinea pig MBP was purified from brain tissue 
by the modified method of Deibler et al. (12). Protein content 
and purity were checked by gel electrophoresis and ammo 
acid analysis. 

Reagents. Commercial reagents used were as follows: 
mouse anti-rat y interferon (INF-y) neutralizing monoclonal 
antibody (mAb) (Amgen Biologicals); monoclonal hamster 
anti-murine TNF-a//9 antibody (Genzyme); polyclonal rabbit 
neutralizing antibody against types 1 and 2 isoforms of TGF 
(antiTGF-0n-2) (R&D Systems, Minneapolis), and indo- 
methacin (Sigma). Turkey antiserum specific for TGF-fr was 
prepared as described (13). 

Induction of Oral Tolerance. Rats were fed 1 mg of MBP 
dissolved in 1 ml of phosphate-buffered saline (PBS) or PBS 
alone by gastric intubation with a 18^gauge stainless steel 
animal feeding needle (Thomas Scientific). Animals were fed 
five times at intervals of 2-3 days with the last feeding 2 days 
before immunization. 

In Vitro Suppression of Proliferative Responses by Super- 
natants. Spleen cells were removed 7-14 days after the last 
feeding, and a single-cell suspension was prepared by press- 
ing the spleens through a stainless steel mesh. Oral tolerance 
to MBP in the Lewis rat persists for «2 months after the last 
feeding (4). Thus, the 7- to 14-day period after feeding 
represents a relatively narrow window of time after oral 
tolerance is induced for performing the experiments. For 
preparation of supernatants, spleen cells at a concentration of 
5 x 10 6 cells per ml were stimulated in vitro with MBP (50 
Mg/ml) in 10 ml of proliferation medium as described (20). 
Supernatants were harvested at 24 hr» and 100 fit was added 

Abbreviations; TGF, transforming growth factor; TGF-ft and -0 2 , 
types 1 and 2 isoforms of TGF; MBP, myelin basic protein; EAE, 
experimental autoimmune encephalomyelitis; DTH, delaycd-type 
hypersensitivity; INF-y» y interferon; mAb, monoclonal antibody; 
CFA, complete Frcund's adjuvant. 
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to 2.5 x 10 4 MBP-spccific T cells that had been raised and 
maintained as described (14) and cultured with 5 * UP 
irradiated (2500 rad; 1 rad = 0.01 Gy) thymocytes in 100 yX 
of proliferation media. MBP (50 pg/ml) was added to the 
culture in a volume of 20 /xi. Experiments were Performed in 
triplicate in round-bottom 96-well plates (Costar). Cells were 
cultured for 72 hr at 3VC and harvested as described (20) 

Purification of T-CeH Subsets. Depletion of lymphocyte 
subsets was performed by negative selection using magnetic 
beads according to a modified method of Cnnkshank et al 
(15) Spleen cells were incubated with a 1:10 dilution of 
mouse anti-rat CDS, CD4, or B-cell mAbs (clones OX/8 
W3/25 or OX/33 respectively, Serotec Byproducts) tor JO 
mm on ice, washed twice, and then added to prewashed 
magnetic particles, with an average diameter of 4.5 ^m 
(M-450) with goat anti-mouse IgG covalently attached 
(Dynal Fort Lee, NJ). The cell-mAb-bead complexes were 
separated from unlabeled cells in a strong magnetic field with 
a magnetic-particle concentrator (Dynal MPC-1) for 2 mm. 
The supernatant was removed, and the procedure was re- 
peated twice to obtain the nonadherent fraction. The cells in 
the T cell- and B cell-depleted populations were >95% CD4 
CD8~, CD4" CD8 + . or CD4 + CD8 + OX/33 (B cell- 
depleted) as demonstrated bv indirect flow cytometry. Whole 
spleen populations (5 x 10* cells) from MBP-fed or control 
animals were cultured in the presence of MBP (50 m 
1 ml of serum-free proliferation media. Depleted populations 
were cultured at a concentration of 2,5 * 10* cells per ml. 
Supernatants were collected at 24 hr, and 100 fj>\ was added 
to responder cells as described above. 

Treatment of Supernatants with AnJi-CytokinB Antibodies. 
Spleen cells (5 x 10 6 cells per ml in proliferation media) from 
MBP-fcd and control animals were incubated in the presence 
of MBP (50 MS/ ml ) and neutralizing antibodies against INF-y, 
TGF-0, TNF-a/P, or with indomethacin for 72 hr. Antibodies 
were tested in a range of concentrations (1:250, 1:500, 
1:1000), and indomethacin was tested at concentrations of 
0.5-1 ^g/ ml * At 24 nr > supernatants were collected, and free 
antibody or antibody-cytokine complexes were removed by 
using magnetizable polymer beads (Dynabeads; Dynal). 
Beads coupled with anti-immunoglobulin antibodies were 
incubated at a concentration of 4 x 10 7 beads per ml for 30 
min (done twice for each sample) and were removed by a 
modified method of Liabakk et al (16) using a Dynal Mag- 
netic Particle Concentrator (MPC-1). 

Measurement of TGF-/3 Activity in Serum-Free Culture 
Supernatants. Serum-free culture supernatants were col- 
lected as described (17, 18). Briefly, modulator ceUs were 
first cultured for 8 hr with MBP (50 Mg/ml) in proliferation 
medium. Thereafter, cells were washed three times resus- 
pended in serum-free medium for the remainder of the 72-hr 
culture, collected, and then frozen until assayed. Determi- 
nation of TGF-0 content and isoform type in supernatants 
was performed by using a mink lung epithelial cell line 
(CCL-64; American Type Culture Collection) as described by 
Danielpour et al (13) and was confirmed by a sandwich 
ELISA assay as described (19). The percent active TGF-/3 
was assayed without prior acid activation of the samples- 
Immunization of Animals. Lewis rats were immunized by 
injection in the left foot pad with 25 /tg of MBP in 50 ^1 of PBS 
emulsified in an equal volume of complete Freund's adjutant 
(CFA) containing 4 mg of mycobacterium tuberculosis (Dtf- 
co) per ml. j _ 

In Vivo Administration of Antt-TGF-0 Antiserum and Con- 
trol Sera. Turkey antiserum specific for TGF-ft was used for 
in vivo experiments and had previously been prepared and 
characterized (13). Scrum was heat-inactivated at 56°C for 30 
min before injection. Animals (five per group) were injected 
i.p. with anti-TGF-0 antiserum or control turkey serum at 
various concentrations (12.5, 25, or 50 fil diluted in PBS to a 
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final volume of 100 pi), five times at days -2.0, +2, +4, and 
+6 in relationship to MBP/CFA immunization. One micro- 
liter of the antiserum blocked the binding activity of - 1- 
labeled TGF-fr at 4 ng/ml to A549 cells (13). In wvo 
treatment was given both to orally tolerized animals and to 
animals immunized for EAE without oral tolerization. 

Clinical Evaluation. Animals were evaluated in a blinded 
fashion every day for evidence of EAE. Clinical severity of 
EAE was scored as follows: 0, no disease ; 1, limp tail; 2, hind 
limb paralysis; 3, hind limb paraplegia and incontinence; 4, 
tetraplegia; and 5, death. 

Delayed-Type Hypersensitivity (DTH) Testing. DTH was 
tested by injecting 25 of MBP in PBS subcutancously in 
the ear. Thickness was measured by a blinded observer 
before and 48 hr after challenge with micrometer calipers 
. (Mitutoyo, Utsunomia, Japan). 

Statistical Analysis. Clinical scales were analyzed with a 
two-tailed Wilcoxon rank sum test for score samples. x ~ 
analysis was used in comparing the incidence of disease 
between groups, and comparison of means was performed by 
using the Student f test. 

RESULTS 

In Vitro Suppression Is Mediated by Culture Supernatants 
from CDS* T Cells from MBP-Fed Animals. In previous 
studies we have shown that modulator CD8 + splenic T cells 
from MBP-fed animals suppress in vitro proliferation of an 
MBP-specific T-cell line (5). Furthermore, additional studies 
have demonstrated that such suppression occurs when mod- 
ulator and responder cells are separated by a semipermeable 
membrane, suggesting the presence of a soluble factor as a 
mediator of the suppression (20), The generation of the 
soluble suppressor factor requires triggering of cells from 
orally tolerized animals with the oral tolerogcn. Experiments 
were thus performed to determine whether supernatants 
collected from splenocytes depleted of T-cell subsets or B 
cells from rats orally tolerized to MBP and stimulated in vitro 
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f ic 1 . In vitro suppression of proliferative response mediated by 
supernatants of lymphocyte subsets from orally tolerized animals. 
Whole spleen cells or depleted cell populations were stimulated m 
vitro with MBP (50 MgMD* Spleen cells were depleted of B lym- 
phocytes or CD4 + or CD8+ T lymphocytes by magnetized beads. 
One-hundred microliters of 24-hr culture supernatants of these cells 
was added to 2.5 x l6 4 MBP-specific T cells, cultured with 5 x 10- 
irradiated (2500 rad) thymocytes in proliferation medium containing 
MBP (50 **g/ml). Experiments were performed in triplicate in 
round-bottom 96-well plates. The proliferative response of the MBP- 
treated line in the presence of supernatants from MBP-stimulatcd 
spleen cells of nontolerized animals was 3654 * 1651. Background 
counts of the MBP treated line in the absence of MBP were between 
200 and 300 cpm. 
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with MBP could suppress an MBP line. A reduction in the 
3E of the MBP line occurred with the addition of 
™Sarts from B cell-depleted or C3)4Hieptoted # »ptoBo. 

fffc 1) No suppression occurred with supernatants from 
cells of PBS-fed animals or CDS-depleted splenocytes from 

MBP-fcd animals. T rr a Anrihod- 

Inhibition of in Vitro Suppression by Anb-TGF-p Antmo* 
ie S . To determine whether a known cytokine was responsible 
for mediating the suppression, neutralizing antibodies to 
cytokines postulated to have suppressor activity were added 
to the supernatants in an attempt to abrogate the suppression. 
Rabbit anti-TGF-j8 antibody abrogated the suppression me- 
diated by the supernatants in a dose-dependent fashion (frig. 
2) No effect on suppression was seen with neutralizing 
antibodies to INF-y or TNF-a/P or when indomethacm, a 
prostaglandin blocker, was added. No suppression occurred 
when anti-TGF-/3 antibodies were added directly to the 
MBP-specific responder T-ccil line (data not shown). 

Demonstration of TGF-fl in Culture Supernatants. To di- 
rectly demonstrate the presence of TGF-0 in supernatants of 
spleen cells from animals fed MBP and stimulated «« vitro 
with MBP, we collected supernatants under serum-free con- 
ditions and assayed directly for TGF-/3. TGF-/3 was secreted 
by spleen cells from MBP-fed animals stimulated m vitro in 
the presence but not in the absence of MBP (Fig. 3). fur- 
thermore TGF-/3 was also secreted when splenocytes from 
ovalbumin-fcd animals are stimulated in vitro with ovalbu- 
min By using a specific sandwich ELISA assay with block- 
ing antibodies specific for either TGF-ft or TGF-ft .03). it 
was further demonstrated that the TGF-/3 was of the TGF-ft 
isotype. In addition, the TGF-0 secreted was in the acUve 
rather than latent form. The amount of TGF-0 in the group 
fed and stimulated in vitro with MBP was 6.8 ± 1.7 ng/ml, 
with 68 £ 9% in the active form. In the ovalbumin-fed group, 
the amount of TGF-/3 was 6.1 ± 1.0 ng/ml, with 65 ± 9% m 
the active form. No active TGF-/3 was observed in superna- 
tants from spleen celts of animals fed MBP and simulated 
with concanavalin A, although small quantities (2.1 - ° « 
ng/ml) of latent TGF-P were observed. 

Supernatants 
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Fig. 2. Inhibition of in vitro suppression by anti-TCF-P antibody . 
Spleen cells from MBf-fcd and control animals were »^J>* e ™** 
presence of MBP (50 *g/mJ) and neutralizing anulwdics agaimt 
1NF-T TGF-fl. TNF-a/0. or with uidomcthacin for Ti nr. rrec 
antibody or antibody^ytokinewmplexes from 24-hr swperaatantt 
these ceUs were removed by using inagwtizable P^V^r beads as 
described, and the suppressive effects of the treated supernatants 
tere te^ed on an MBP-specific T-cdl line. The proliferative re- 
sponse of the MBP line in the presence of superiatote from 
MBP-stimulatcd spleen cells of nontolenzed animals was ",995 ± 
2395. Background counts of the MBP line in the absence . or mbp 
were between 1000 and 2000 cpm. 
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FtO 3 TGF-0 activity in serum-free culture supernatants. 
Spleen cells from MBP- or ovalbumin (OVA)-fed animals were 
incubated in the presence or absence, of the homologoua antigen (50 
/xg/ml). TGF-jS content in the serum-free supernatants was assayed 
by using a CCL-64 assay as described. 

Abrogation of Oral Tolerance by in Vivo Administration of 
Anti-TGF-0 Antiserum, To determine whether TGF-ft also 
played a role in suppression of EAE by oral tolenzation to 
MBP, we administered turkey anti-TGF-fr antiserum in vivo. 
Paralytic EAE developed in control animals with a maxima) 
disease severity between 3.2 and 3.5 on day 13 regardless of 
whether animals were injected with PBS or control turkey 
serum (Fig. 4A). Oral tolenzation with MBP markedly re- 
duced the severity and duration of EAE (Fig. 4C) in animals 
injected with PBS or control turkey scrum. Maximal disease 
severity in animals treated five times with 50 p] of control 
serum was 3.2 ± 0.2 and in orally tolerized animals treated 
five times with 50 ju.1 of control serum was 1.0 ± 0.2 (P < 
0.05). In vivo treatment with anti-TGF-£i antiserum abro- 




18 20 22 8 10 12 

Days after immunization 

Fig 4 The effect of anti-TGF-0 and control sera on EAE. 
Animals received Lp, injections of turkey anti-TGF-ft antiserum or 
control preimmune turkey serum at various concentrations on days 
-2 0 +2, +4. and +6 relative to the day of MBP/CFA challenge, 
Treatment was given both to orally tolerized animals (C and D) and 
to animals undergoing EAE without oral tolerance (A and B) (live 
animals per group). Maximal disease severity in orally tolenzcd 
animals treated five times with 50 jil of anU-TGF-ft antiserum ^was 
3 7 * 0 2 vs. 1.0 ± 0.2 in animals receiving control serum (F < 0.05) 
<D vs C) and 4.5 ± 0-2 vs. 3.2 s 0.2 in nontolenzed animals {F < 
0 05) (B vs. A). Treatments: □. PBS; O. control serum (12.5), o. 
control scrum (50); amVTGF.0 antiserum (12.5); anti-TGF-/3 
antiserum (25); anti-TGF-0 antiserum (50). 
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gated protection induced by oral administration of MBP in a 
dose-dependent fashion; maximal disease sev ««V «J«Jly 
tolerized animals treated five times with 50 £ of ^fr-TOF-ft 
Serum was 3.7 ± 0.2 vs. 1.0 ± 0.2 (P < COS; F^£vs 
C) Of note is that there was a dose-dependent enhancement 
of disease in animals treated with anti-TCF-ft antiserum that 
were not orally tolerized to MBP (Fig, 45), Disease onset was 
earlier, recovery was delayed, and disease seventy ^ was 
zreater (4 5 ± 0.2 vs. 3.2 ± 0.2, Fig. 4 B vs. A; P < 0.05). 

DTH Responses Associated with in Vivo Anti-TGF-/J Treat- 
ment. We have shown previously that DTH responses cor- 
relate with the clinical course of EAEand serve as a rneasure 
of in vivo cellular immunity to MBF (6, 7). In this study 
prominent DTH responses developed in animals undergoing 
EAE and DTH was suppressed by oral administration or 
MBP (Fig 5). The suppressed DTH responses were abro- 
gated by in vivo anti-TGF-fr treatment in a dose-dependent 
fashion (1 5 ± 0.5 vs. 0.5 ± 0-3; P < 0.001, in animals injected 
five times with 50 /il of anti-TGF-/3 vs. control serum). 
Furthermore ♦ after the same in vivo treatment, there was 
enhancement of DTH responses to MBP in animals recov- 
ering from EAE that were not orally tolenzed (2.1 * 0 3 i vs. 
1.45 ± 0.3; P < 0.01, in animals injected five times with SO 
/d of anti-TGF-/3 vs. control serum) . 

DISCUSSION 

In the present study we found that T cells ; that mediate 
suppression of EAE after oral tolerization to MBP do so both 
in vitro and in vivo via the release of active TGF-ft. In vitro* 
the release of TGF-/3 is dependent on antigen-specific trig- 
gering by the oral tolerogen whether it is MBP or ovalbumin^ 
Among the mechanisms described for the maintenance of 
self-tolerance, active suppression mediated by T cells is 
probably the least well understood (21-23). Because oral 
tolerization represents a physiologic pathway by which the 
immune system is stimulated to generate suppression and 
because investigators have described active suppression me- 
diated by T cells after oral tolerization (24, 25), an under- 
standing of the mechanism by which suppressor cells act after 
stimulation of the gut-associated lymphoid tissue may pro- 
vide insight into the mechanism of active suppression. 

A number of cytokines exert suppressive activity on dif- 
ferent aspects of the immune response such as cell growth, 
differentiation, and effector functions as well as the release ot 
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other cytokines. These include interferons, prostaglandins, 
tumor necrosis factor, and interleukin 10 (26). Our results 
show that CD8 + suppressor T cells generated by oral toler- 
ization, which are triggered in an antigen-specific tohion, act 
both in vitro and in vivo by the release of active TGF-ft. In 
this regard they are analogous to the human CD8 + suppressor 
cells associated with lepromatous leprosy, which act via an 
as-yet-unidentified antigen nonspecific factor after being 
triggered by a specific antigen (27). We recently have found 
that peripheral blood lymphocytes from humans orally tol- 
erized to keyhole limpet hemocyaninin secrete a TGF-/3- 
related suppressor factor after antigen-specific triggering 
(51) Because suppression generated by oral tolerance to 
autoantigens is antigen- and disease-specific, the secretion 
and action of TGF-/3 must occur in the local microenviron- 
ment of lymphoid tissue where the immune response is 
generated, along migratory pathways of the effector cells, 
and/or at the inflamed site in the target organ where the 
autoantigen is present. We recently have found specific 
elevation of TGF-0 in the brains of EAE animals orally 
tolerized to MBP as compared to nontolcrized animals (S.J. 
Khoury W W. Hancock, and H.L,W M unpublished obser- 
vations). The ability of T cells to secrete TGF-fr in an active 
form may be important in this regard since active TGF-/3 has 
a short half-life and a small volume distribution, but latent 
TGF-0 has an extended half-life and a larger volume of 
distribution (28). . 

We have also observed that injection of anti-TGF-fr serum 
to nontolerized animals immunized with MBP/CFA to in- 
duce EAE resulted in an increase in severity and duration of 
EAE. Other investigators have reported the presence of 
postrecovery CD4 + suppressor cells in the Lewis rat EAE 
model that can adoptively transfer protection and suppress in 
vitro proliferative responses of an MBP line (29). In vitro, 
these cells have been shown to release TGF-/3 and to sup- 
press interleukin-2 and IFN-y production by encephalitoge- 
nic cells (29), although an in vivo effect ofTGF-/3 by such cells 
has not been shown. Our in vivo results show arole for J*ft-p 
in recovery from EAE. Thus, natural recovery m EAE and 
the induction of oral tolerance to MBP, though two distinct 
physiological processes, appear to involve a common unmu- 
noregulatory pathway in which TGF*0 serves as an effector 
cytotone. The role of TGF-^secreting CDS* T cells as 
opposed to CD4* T cells in natural recovery remains to be 
defined, TGF-0 itself, when administered systematically in 
doses of 1-5 m£ P*r treatment, has been shown to suppress 
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Fig. 5- DTH responses asso- 
ciated with in vivo auti-TGF-/3 
treatment. DTH was tested in the 
group* described in Fig. 4 by in- 
jecting 25 jig of MBP in PBS sub- 
cutaneously in the ear. Thickness 
in inches (1 in. = 2-54 cm) was 
measured before and 48 hr after 
challenge. Change in ear thickness 
before and after challenge was re- 
corded for each animal, and the 
results are expressed as the mean 
tor each experimental group =t 
SEM. [P < 0.001, animals treated 
five times with 50 jd of anti- 
TOF-ft antiserum vs. control se- 
rum (£> vs. C); P < 0.01, animals 
treated five times with 50 /il of 
anti-TGF-ft antiserum vs. control 
scrum (B vs. A).] 
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animal models of autoimmunity both in the rat and mouse, 
including EAE (30, 31) and autoimmune arthritis (32, 33). 

The mechanism by which TGF-/8 suppresses immune re- 
sponses in vitro and down-regulates EAE and other autoim- 
mune diseases in vivo is unknown. Recent studies have 
demonstrated multiple, sometimes contradictory, immuno- 
modulatory effects of the TGF-/3 isoforms on vanous target 
cells and tissues (34, 35). Although mitially identified ^as a 
growth factor, the immunoregulatory properties of TUV-p 
include inhibition of proliferation of B and T ceUs, (16 36) 
affecting CD4 + cells more than CD8 + ceUs (37) in both rodent 
and human cells. TGF-jB antagonizes itiflanunatory effector 
cytokines such as TNF-« and INF-y (38, 39), blocks CTh 
activity (40, 50), and inhibits induction of receptors of lnter- 
leukins 1 and 2 (41), rendering cells unresponsive these 
cytokines. TGF-/3 inhibits in vivo T-cell and neutrophil ad- 
hesion to endothelial cells, which limits the migration and 
recruitment of inflammatory cells into the target organ (42 
43) downregulates class n expression on macrophages and 
astrocytes, and inhibits macrophage activation (40, 44). 

TGF-/3 has been demonstrated to be secreted by a variety 
of cells including macrophages, natural kille r cells LAK 
cells, B cells, and both CD4 + and CD8 + T cells (45-47). The 
characteristics of the CD8 + suppressor cells generated after 
oral toleration are yet to be defined Concai^vahn A 
stimulation of spleen cells from animals tolenzed with MBP, 
as opposed to MBP stimulation, did not lead to significant 
suppressor effects nor production of active TGF-p. This may 
be due to induction of proliferation rather than production of 
TGF-fl after concanavalin A stimulation (48). 

The results presented herein provide evidence for an 
immunoregulatory role played by endogenous TGF-pi in the 
spontaneously occurring recovery from EAE and m the 
suppression of EAE induced by oral tolenzation to MBP. In 
view of its evolutionary high conserved features, it is likely 
that the immunosuppressive effects of TGF-0 in experimen- 
tal animals are similar to its effects in humans. Thus, our 
findings may point to the therapeutic potential of oral ion- 
ization to MBP or other autoantigens as a source of endog- 
enous TGF-/3 for the control of autoimmune diseases. 
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The comparative amino acid sequences: 
Human pcj(ll) Bovine oa(||) 



gly pro met 
giy pro met 
gly pro arg 
gly pro pro 
gly pro ala 
gly ala pro 
gly pro gin 
gly phe gin 
gly asn pro 
gly giu pro 
giy giu pro 
gly val ser 
gly pro met 
gly pro arg 
gly pro pro 
gly pro pro 
gly lys pro 
gly asp asp 
gly giu ala 
giy lys pro 
gly lys ala 
giy giu arg 
gly pro pro 
gly pro gin 
gly ala arg 
gly phe pro 
gly thr pro 
gly leu pro 
gly val lys 
gly his arg 

giy tyr pro 
gly leu asp 
gly ala lys 
gly giu ala 
gly ala pro 
gly val lys 
9'y giu ser 
gly ser pro 
gly giu asn 
9'y ser pro 
gly pro met 
9ly pro arg 
gly leu pro 
g'y g'u arg 
gly arg thr 



fgly VAL met 



J 



gly pro met 
gly pro arg 
gly pro pro* 
g'y pro ala 
gly ala pro* 
g'y pro gin 
g'y phe gin 
gly asn pro 
g'y giu pro* 
giy giu pro* 
g'y val ser 
gly pro met 
gly pro arg 
gly pro pro* 
g'y pro pro* 
gly lys pro* 
gly asp asp 
gly giu ala 
gly lys pro* 
Igly ivs ser 
gly giu arg 
g'y pro pro* 
g'y pro gin 
gly ala arg 
g'y phe pro* 
gly thr pro* 
g'y leu pro* 
gly val lys*-glc-gla 
gly his arg 
g'y tyr pro* 
gly leu asp 
gly ala lys*-glc-gla 
gly giu ala 
g'y ala pro* 
gly val lys 
gly giu ser 
gly ser pro* 
gly giu asn 
gly ser pro* 
gly pro met 
gly pro arg 
gly leu pro* 
gly giu arg 
gly arg thr 



Bovine 



Qly Pro met 
|giy Pro SER 



gly Pro arg 



gly LEU p ro' 



giy pro pro* 



g'y ala pro* 
gly pro gin 
gly Phe gin 



I giy PRO pro 



g'y giu pro* 

Qly Olu pro* 
[gly ALA ser " 



gly pro met 
g'y pro arg 
g'y pro pro* 
Qly pro pro* 



Igly ivs asn 



gly asp asp 
g'y giu ala 
gly Ivs pro' 



I giy arg pro* 



g'y giu arg 
g'y pro pro* 
g'y pro gin 
Qly ala arg 



g'y LEU pro* 



giy thr ALA 



gly leu pro* 
Igiy MET lys*-olc- 



gly his arg 

Igly phe ser 



gly leu asp 

9'y a'a tys'-gl^gio 



gly ASP ala 



giy PRO ALA 



giy pro lys 



giy olu pro* 



g'y ser pro* 
gly giu asn 



gly ALA pro* 



gly GLN met 



gly pro arg 
g'y leu pro* 
Qly Olu arg 

igly arg pro* 
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giy pro aia : 


giy pro ala 




n 1 v / o 1 o ala 
yiy did did 


giy ala ala 




n 1 1/ ala a r/*i 

giy did dry 


giy ala arg 




yiy don db|j 


giy asn asp 




nli/ nln nrA 

giy gin pro 


giy gin pro* 




nlv nro ala 
yiy piu old 


giy pro aia 




ri|v/ nrn nrn 
yiy piu piu 


giy pro pro 




rilw nm vol 
yiy piu vdi 


giy pro vai 




nlv ota ala 
yiy piu did 


giy pro ala 




nli/ nli/ nrn 

yiy yiy pro 


giy giy pro* 




olw r\Ha nrn 

yiy pne pro 


giy phe pro* 




nli/ ala nrn 

yiy did pro 


giy ala pro* 




nli/ ala ti/c 

yiy aid iys 


giy ala lys*-glc-gla 


nli/ n li i ala 

yiy giu aid 


giy glu ala 




yiy pro inr 


giy pro thr 




*nli/ ala a r/i 

yiy aiti -dry 


giy ala arg 




nl\/ r\rA nli t 

giy pro giu 
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